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In 1972, May^[@CR1]^ first demonstrated that randomly assembled systems of sufficient complexity are almost inevitably unstable given infinitesimally small perturbations. Complexity in this case is defined by the size of the system (i.e., the number of potentially interacting components; $\documentclass[12pt]{minimal}
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Component response rates of random complex systems {#Sec3}
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For complex systems in which individual system components represent the density of some tangible quantity, it is relevant to consider the feasibility of the system. Feasibility assumes that values of all components are positive at equilibrium^[@CR6],[@CR28],[@CR29]^. This is of particular interest for ecological communities because population density ($\documentclass[12pt]{minimal}
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Targeted manipulation of *γ* {#Sec10}
----------------------------

To further investigate the potential of $\documentclass[12pt]{minimal}
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Discussion {#Sec11}
==========

I have shown that the stability of complex systems might often be contigent upon variation in the response rates of their individual components, meaning that factors such as rate of trait evolution (in biological networks), transaction speed (in economic networks), or communication speed (in social networks) need to be considered when investigating the stability of complex systems. Variation in component response rate is more likely to be critical for stability in systems that are especially complex, and it can ultimately increase the probability that system stability is observed above that predicted by May's^[@CR1]^ classically derived $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma \sqrt{SC}$$\end{document}$ criterion. The logic outlined here is general, and potentially applies to any complex system in which individual system components can vary in their reaction rates to system perturbation.

It is important to recognise that variation in component response rate is not stabilising per se; that is, adding variation in component response rates to a particular system does not increase the probability that the system will be stable. Rather, highly complex systems that are observed to be stable are more likely to have varying component response rates, and for this variation to be critical to their stability (Fig. [4](#Fig4){ref-type="fig"}). This is caused by the shift to a non-uniform distribution of eigenvalues that occurs by introducing variation in $\documentclass[12pt]{minimal}
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My focus here is distinct from Gibbs *et al*.^[@CR24]^, who applied the same mathematical framework to investigate how a diagonal matrix $\documentclass[12pt]{minimal}
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                \begin{document}$$C$$\end{document}$). Overall, I show that component response rate variation increases the upper bound of complexity at which stability can be realistically observed, meaning that highly complex systems are more likely than not to vary in their component response rates, and for this variation to be critical for system stability.

Interestingly, while complex systems were more likely to be stable given variation in component response rate, they were not more likely to be feasible, meaning that stability was not increased when component values were also restricted to being positive at equilibrium. Feasibility is important to consider, particularly for the study of ecological networks of species^[@CR6],[@CR25],[@CR28],[@CR30]^ because population densities cannot realistically be negative. My results therefore suggest that variation in the rate of population responses to perturbation (e.g., due to differences in generation time among species) is unlikely to be critical to the stability of purely multi-species interaction networks (see also Supplementary [Information](#MOESM1){ref-type="media"}). Nevertheless, ecological interactions do not exist in isolation in empirical systems^[@CR20]^, but instead interact with evolutionary, abiotic, or social-economic systems. The relevance of component response rate for complex system stability should therefore not be ignored in the broader context of ecological communities.

The potential importance of component response rate variation was most evident from the results of simulations in which the genetic algorithm was used in attempt to maximise the probability of system stability. The probability that some combination of component response rates could be found to stabilise the system was shown to be up to four orders of magnitude higher than the background probabilities of stability in the absence of any component response rate variation. Instead of manipulating the $\documentclass[12pt]{minimal}
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A general mathematical framework encompassing shifts in eigenvalue distributions caused by a diagonal matrix *γ* has been investigated^[@CR23]^ and recently applied to questions concerning species density and feasibility^[@CR24],[@CR25]^, but *γ* has not been interpreted as rates of response of individual system components to perturbation. My model focuses on component response rates for systems of a finite size, in which complexity is high but not yet high enough to make the probability of stability unrealistically low for actual empirical systems. For this upper range of system size, randomly assembled complex systems are more likely to be stable if their component response rates vary (e.g., $\documentclass[12pt]{minimal}
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                \begin{document}$$10 < S < 30$$\end{document}$ for parameter values in Fig. [4](#Fig4){ref-type="fig"}). Variation in component response rate might therefore be critical for maintaining stability in many highly complex empirical systems. These results are broadly applicable for understanding the stability of complex networks across the physical, life, and social sciences.

Methods {#Sec12}
=======

Component response rate (*γ*) variation {#Sec13}
---------------------------------------

In a synthesis of eco-evolutionary feedbacks on community stability, Patel *et al*.^[@CR20]^ model a system that includes a vector of potentially changing species densities (**n**) and a vector of potentially evolving traits (**x**). For any species $\documentclass[12pt]{minimal}
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Construction of random and structured networks {#Sec14}
----------------------------------------------

I used the R programming language for all numerical simulations and analyses^[@CR33]^. Purely random networks were generated by sampling off-diagonal elements from an i.i.d. $\documentclass[12pt]{minimal}
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System feasibility {#Sec15}
------------------

Dougoud *et al*.^[@CR28]^ identify the following feasibility criteria for ecological systems characterised by $\documentclass[12pt]{minimal}
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In the above, **n**\* is the vector of species densities at equilibrium. Feasibility is satisfied if all elements in **n**\* are positive. The matrix $\documentclass[12pt]{minimal}
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